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Handset battleground 
transformed 
Roy Szweda, Associate Editor 
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In our previous issue we described one of today’s best examples of leading edge telecommunications - 
Iridium. We continue with a more terrestrial telecoms theme in this issue. These too are often critically de- 
pendent on Ill-Vs and latterly with devices based on epitaxially grown materials. In the past year the het- 
erostructure bipolar transistor (HBT) has transformed the handset battleground and surprised many with its 
incredible commercial success. 
F or some years the HBT was potentially a world-beating device technology but until 
recently it was held up by inferior 
characteristics.This has been trans- 
formed by a combination of fac- 
tors, not the least being the 
implementation of an InGaP emit- 
ter process.This enabled designers 
to extract the full performance 
from the HBT and thereby prompt- 
ed further consideration of the 
whole process whereby telecoms 
(and other) MMICs are produced. 
The AlGaAs HBT is, however, 
still the baseline technology for 
most of today’s handset circuits. 
Although InGaP can achieve high- 
er levels of reliability, AlGaAs relia- 
bility is acceptable for present day 
handsets, with their modest duty 
cycles. For example, Nortel (see be- 
low) uses InGaP for its demanding 
fibre line application and HP for its 
high speed test instrument applica- 
tions because these are more 
stressful than the handset applica- 
tions. Most new designs will, how- 
ever, be done in InGaP and many 
companies are looking very closely 
at this technology 
HBTs reappraised 
In order to get under the skin of 
this transformation, III-I4 Review 
spoke to Kopin Corp. If anyone 
knows about the transformation of 
HBTs it is the Taunton, MA-based 
merchant epiwafer provider. Key 
to its success is its in-house devel- 
oped InGaP HBTs. 
“HBTs were underestimated. 
The reconsideration of the HBT 
occurred about a year ago when it 
became clear that HBTs were more 
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Figure 1. Wafer type for GaAs IC and FET devices for 1997 and 1998. II = ion implanted. 
(Source: Strategies Unlimited.) 
cost-effective to produce than pre- 
viously thought”, says Matt Micci, 
VP Sales. 
“The InGaP HBT has a number 
of characteristics that make this 
device attractive for MMICs such 
as power amplifiers in handsets. 
One reason that they are attractive 
is because of their high efficiency, 
which equates to longer talk-time - 
a key product differentiator in the 
very competitive handset market.” 
Both AlGaAs and InGaP HBTs 
deliver high efficiency, excellent 
linearity and single supply opera- 
tion. InGaP, however, gives en- 
hanced reliability, superior high 
temperature operation and ease-of- 
processing due to its selective 
etching properties. They are also 
highly linear over the battery life- 
time leading to more optimal per- 
formance . 
“The linearity was not so im- 
portant for GSM but it is crucial 
in CDMA and this is one of the 
principal factors that has led to 
the upsurge in HBTs. There is a 
new generation of CDMA phones 
coming on-stream and telecom 
manufacturers are all getting be- 
hind it”, says Micci. “Interestingly, 
even though linearity is not im- 
portant for GSM, the HBT is very 
successful in that market too due 
to efficiency and single supply 
operation.” 
There is currently work on de- 
veloping the third generation (3G) 
cell phone standard. While some 
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details of the standard remain un- 
clear, one point seems certain - the 
3G systems will use a wideband 
CDMA air interface (that is W- 
CDMA or CDMA2000).The CDMA 
technology choice means the next 
generation cell phones will benefit 
from the HBT technology. 
“HBT circuit sales are experi- 
encing strong growth due to their 
acceptance in the power amplifier 
section of digital phone handsets”, 
said George Bechtel, wireless ser- 
vices director for Strategies 
Unlimited (Mountain View, CA, 
USA). “This trend benefits Kopin as 
the leading provider of HBT device 
wafers to the worldwide merchant 
market.” 
Small is best 
HBTs are vertical structure devices 
and so are considerably smaller in 
die size than MESFETs.The trend, 
moreover, has been for MESFETs to 
steadily increase in die size where- 
as the HBT has tended to stay the 
same or even get slightly smaller. 
This translates directly into more 
dice per wafer and, all other things 
being equal, a yield improvement 
and hence lower cost per die. 
Another factor is that the 
feature sizes of HBT MMICs are 
generally larger than those for 
MESFETs: >l ym versus 0.25 pm, 
respectively. This translates into 
relaxed process constraints and 
hence higher yields. Perhaps sur- 
prising to some, this gives the 
edge to the HBT over the MESFET, 
even though the reverse was 
thought to be the case. But this 
could happen only with the debut 
of the InGaP MOVPE materials to 
replace the inferior AlGaAs. 
However, this argument holds 
true for AlGaAs as well as InGaI? 
“InGaP just builds on AlGaAs’s 
strengths by being more robust, 
having even better performance 
and being easier to process”, says 
Bechtel. 
From a handset designers’ view- 
point, the HBT has several advan- 
tages over the MESFET, which 
Figure 2. A cross-section through a typical HBT device wafer (courtesy of Kopin Carp). 
needs a plus and minus 3 V supply. 
There are ways around this but it 
adds to the size of the die, thus 
compounding the yield per wafer 
inferiorityThe HBT also has the ad- 
vantage that it stays in the off state 
unlike the MESFET which is per- 
manently on. This means that the 
HBT has a lower power drain and 
therefore longer battery life or talk- 
time. “HBT talk time is also im- 
proved by its efficiency”, says 
Bechtel. “In addition, MESFET cir- 
cuits are turned off via a switch 
component, and this adds cost 
to the system, as does the second 
supply.” 
In summary, this equates to a 
situation that favours the HBT and 
not the MESFET. “This took a lot of 
people by surprise but once they 
got the message and started look- 
ing at all these factors the market 
floodgates opened up”, says 
Kopin’s Micci. 
Conexant connection 
When Rockwell spun off its 
Conexant business it revealed just 
how many HBT MMICs were being 
made. “Conexant made clear to 
everyone the true size of their HBT 
business. This surprised a lot of 
people and made them stop and 
think.” Kopin, however, already 
knew since it is a big supplier of 
HBT epiwafers to Conexant. 
“Although Conexant went public 
just four months ago, the data 
made visible by their offering 
quantified the level of success of 
their HBT circuit programme”, 
Micci says. 
Micci points out that telecom 
manufacturers have become very 
interested in the virtues of the HBT 
and have ramped up their own de- 
sign activities around the HBT 
rather than the more traditional 
GaAs technologies. Kopin has just 
announced a contract to provide 
Nortel Networks (Ottawa, Canada) 
with production volumes of InGaP 
HBT epiwafers.These will support 
Nortel’s production of circuits for 
10 Gb.s-’ OC-192 SONET/SDH fi- 
bre optic switching systems - 
Nortel is a world leading supplier 
of OC-192 systems, the highest per- 
formance broadband networks 
fielded today. Kopin’s high volume 
wafer production operation will 
complement Nortel’s internal ca- 
pabilities. 
Nortel developed HBT based 
circuits for its OC-192 systems due 
to their exceptional speed and reli- 
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Figure 3. AIXTRON’s multiwafer A/X 26OOG3 MOVPE reactor (courtesy of AXTRON AG). 
ability OC-192 systems form the 
‘backbone of the highest speed fi- 
bre optic networks and therefore 
impose the most demanding speed 
and reliability requirements on cir- 
cuits. 
According to Kopin, Nortel’s 
HBT circuits have delivered world- 
class performance and reliability in 
the industry’s most stressful oper- 
ating environments, clearly prov- 
ing the efficacy of InGaP HBT for 
the fast-growing market for high 
speed telecom systems. 
“Nortel’s InGaP HBT circuit 
technology delivers excellent per- 
formance for demanding telecom 
applications and has an excellent 
reliability track record in fielded 
systems”, said GaryTomkins, Nortel 
senior fab manager responsible for 
InGaP HBT circuit production. 
“Kopin’s experience in the high 
volume manufacturing of complex 
HBT device wafers will be a great 
asset for us as our production vol- 
umes grow.” 
The renewed interest in 
HBTs has rippled down through 
the supply chain triggering a 
surge in demand that has mandat- 
ed merchant epiwafer suppliers 
worldwide to bring forward their 
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plans for adding capacity. This 
has in turn meant more business 
for suppliers of epi reactors and 
other process equipment. 
Epi impact 
Following the doubling of capacity 
just announced in January 1999, 
Kopin revealed its third major 
expansion of manufacturing 
capacity for its GaAs HBT device 
wafer products in April. Kopin’s 
investment in increased capacity 
is driven by growing customer 
demand for its four-inch and 
six-inch HBT epiwafers. The 
expansion plan includes the 
purchase of two additional AIX- 
TRON AIX 2400 growth systems, 
new characterization tools, more 
sophisticated manufacturing track- 
ing systems and cleanroom en- 
hancements.The new systems will 
supplement the AIX 2400 and 
AIX 2600 ordered in January. 
Kopin also has acquired options 
for three additional 2600 systems. 
Kopin sees strong demand for 
HBT wafers, especially in North 
America andAsia.This is due to the 
exceptionally strong growth in the 
digital cell phone handset market 
and the corresponding shift in cell 
phone power amplifier circuits to 
GaAs HBTbased solutions. “In addi- 
tion”, says Micci, “our HBT technol- 
ogy is now designed into circuits 
serving the exploding broadband 
communications market, a market 
driven by the Internet and other 
data intensive applications. This 
year will see the greatest produc- 
tion ramp-up since the introduc- 
tion of our HBT device wafer 
product line.” 
Designer’s dream 
The technical advantages of HBTs 
had been well known for some 
time. Many a designer wished to 
have the performance boost such a 
device could give to a telecom sys- 
tem, especially a handset. It was an 
industry truism, however, that 
HBTs were not good enough - 
they had poor reliability, poor life- 
time and were all-round an expen- 
sive option, compared to MESFET 
solutions. 
But that was in the AlGaAs 
HBT era. The key to today’s re- 
naissance is the InGaP technolo- 
gy, which in turn arises from the 
application of MOVPE processes. 
MOVPE has a particular facility 
for the preparation of repro- 
ducible, high uniformity InGaP 
epilayer structures on large 
wafers. This has yet to reach 
equivalent status in other epi 
techniques such as MBE. “I 
agree”, says Micci, “Generally 
speaking this is the case but 
AlGaAs has already been very 
successful in handsets; InGaP will 
supplement the benefits of the 
AlGaAs HBT.” 
As a result, last year there 
was an industry-wide reconsidera- 
tion of the HBT and almost 
overnight it would seem - though 
Kopin would disagree about this 
‘overnight success’ - telecom de- 
signers switched over to the HBT. 
This was in response to burgeoning 
demand for advanced digital cellu- 
lar phones, high-speed SONET net- 
works and other devices for 
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communications and other applica- 
tions. 
“HBT circuit sales have grown 
from a few million dollars worth of 
business in 1995 to US$250 million 
in 1998”, says Micci. “We have 
had to order more reactors and 
hire more staff to keep up with 
demand. We have four more 
AlXTRON machines on order - 
the first one due this summer is 
an AIX 2400 which has become 
our standard manufacturing plat- 
form with two already qualified 
supporting customers. The second 
reactor is the AlX 260063 a truly 
multiwafer machine which is due 
any day now. This will effectively 
double our capacity when com- 
plete.” 
Both four and six 
Today, Kopin supports both four- 
and six-inch production: “Our plan 
is to support customer require- 
ments, whether they are four- or 
six-inch. Presently, the four-inch 
demand is very high and we are us- 
ing proven 2400 multi-four-inch 
platforms to support that rapidly 
growing demand. The six-inch 
demand will start to increase in 
year 2000, and the 2600 platform 
will support multi-six-inch produc- 
tion”. 
Micci points out that there 
are at present no six-inch fabs 
processing HBT wafers. “Several 
companies have plans to migrate 
to six-inch over the next couple 
of years and we have begun 
sampling six-inch HBT structures. 
The move to six-inch will be 
driven by our customer’s needs 
for higher throughput and corre- 
spondingly lower costs but that is 
not at present needed.” 
Presently, there is no industry 
consensus on whether or not 
six-inch is needed. It is clear 
that the four-inch circuit manufac- 
turers have been and continue 
to be extremely successful. “Kopin 
is prepared for a growing four- 
inch market, a growing six-inch 
market, or both”, says Micci. 
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Figure 4. Comparison of Kopin’s HET model with the traditional fab model. 
AlXTRON’s 2600 production 
system was developed to support 
major commercial programmes 
such as Kopin’s, according to Dr 
Holger Juergensen, President of 
AIXTRON AG. “Kopin selected the 
AIX 2600 MOVPE production sys- 
tem for its reliability, throughput, 
uniformity and low cost of owner- 
ship”, he says. “These contracts 
from Kopin demonstrate the satis- 
faction of a very demanding cus- 
tomer, and the leadership of 
MOVPE technology in electronic 
as well as optoelectronic device 
manufacture.” 
“We will install four production 
systems at Kopin this year alone to 
support four-inch and six-inch pro- 
duction. It is indicative of the great 
success the two companies have 
had working together during the 
past three years.” 
Kopin chose to go with AIX 
260063 series systems to comple- 
ment its existing AIX 2400 reactor 
systems, which are already in high 
volume production. “These systems 
will support our cost-reduction 
programmes and increase the com- 
pany’s six-inch wafer capacity”, 
says Micci. 
Future CaAs 
Indeed, if Kopin’s just released 
quarter one financial results are 
anything to go by, the InGaP epi- 
wafer is going to continue to be in 
big demand and they are going to 
need all that extra capacity. The 
new results show a company 
somewhat different from a few 
years ago. Sales have increased for 
six consecutive quarters with a fur- 
ther 23% first quarter increase this 
past quarter.A big contribution to 
this success came from epiwafer 
revenues, which have increased by 
over 34% - $6 million up from $4.4 
million last quarter. 
From its genesis in AlGaAs, the 
HBT has itself been transformed 
and has in turn transformed the 
competitive arena of today’s tele- 
corns products. The key to this 
‘overnight success’ is the InGaP 
technology, which in its turn 
arose from the refinement of 
MOVPE processes. Akin to the im- 
pressive success in the develop 
ment and preparation of advanced 
optoelectronic devices for Bbre 
telecoms, etc., MOVPE is reassert- 
ing itself as a provider of leading 
edge commercial electronic dev- 
ices for handsets that are driving 
the revolution in digital portable. 
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